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CIAIM AMEiroMENTS 

1- {currently amended) A method for data irecovery, the 
method comprises; 

receiving an encoded signal at a transmit symbol rate, 
wherein the -encoded signal i nr.! iid^^.s first dat;j valufifs 
having a positive sign with respect to a reference and 
second data values having a negative sign with respect to 
the referonce; 

determining at least one reference crossing of the encoded 
signal; 

determining a sampling phase based on the at least one 
referf?nr:{=i crossing and a system symbol rate to produce a 
determined sampling phase, wherein the determining the 
samplincr phase includes : 

setting an initial sampling phase with respect to the 
system symbol rate; 

setting an accumulator to a mid point value; and 

utilizing the initia l sampling phase as the determined 
sample phase when the encoded signal is initially 
detected ; 

updating the determined sampling phase based on at least 
one of an overtiow of fb ftthe accumulator and an underflow ol 
the accumulator; and 
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sampling the encoded signal at the updated determined 
sampling phase with respect to the 5?y;pttiu-L ayiiibul raLe to 
recapture data from the encoded signal. 

2. (original) The uiwUiod of claim 1, wherein the receiving 
the encoded signal further comprises: 

receiving a multi-level encoded signal at the transmit 
symbol rate^ wherein the iaulti-level encoded signal 
includes the first data values at a first magnitude having 
Lhe positive 5ign with respect to the rcfcronce, third data 
values at a second magnitude having the positive sign with 
respect to the reference, the second data values at the 
first xn&gnifcude having the negative sign with respect to 
the reference, and fourth data values at the second 
magnitude having the negative sign with respect to the 
reference ♦ 

3. (original) The method of claim 1, wherein the receiving 
the encoded signal further comprises: 

receiving a DC offset encoded signal; 

determining a DC offset; and 

oubfitantially removing the DC offset fram the DC encoded 
signal to produce the encoded signal • 

4. (original) Thp method of claim 1 further comprises: 

determining the system symbol rate as one of a plurality of 
system symbol rates based on the encoded data. 
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5» (cancelled) 

6. (previously presented) The method of claim 1, wherein 
the updating the dctcrminod sampling phase further 
comprises: 

for a current reference crossing of th© at least one 
reference crossingr determining a corresponding current 
sampling phase; 

comparing the determined sampling phase to the 
corresponding current sampling phase? 

when the comparison of the determined sampling phase to the 
corresponding current sampling phase is unfavorable, 
adjusting the accumulator; 

determining whether the accumulator has overflowed or 
undRrf lowed; and 

when the accumulator has overflowed or underflowed, 
adjiKst.ing the determined sampling phase. 

7. (original) The method of claim 6 further comprises: 

determining the comparison of the determined sampling phase 
to the corresponding current sampling phase to be 
unfavorable when the corresponding current sampling phase 
is greater than the determined sampling phase; 
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incrementing the accumulator when the corresponding current 
sampling phatsfc? Xis yieater than the determined sampliiig 
phase; 

when' the accumulator has overllow^^U^ iuc^i.tJci«ixiy Lbts 
determined sampling phase by a sampling phase delta value; 
and 

resetting the accumulator to a mid-point value. 

8. (origixidl) The method of claim 6 further comprises: 

determining the comparison of the determined sampling phase 
Lo the corresponding current campling phase to ho 
unfavorable when the corresponding current sampling phase 
is less than the determined sampling phase; 

decrementing the accumulator when the corresponding current 
sampling phase is less than the determined sampling phase; 

when the accumulator has underflowed, decreasing the 
determined sampling phase by a sampling phase delta value; 
and 

resetting the accumulator to a mid-point value. 

9. (original) The method of claim 6 further comprises: 

determining whether tbA encoded signal is being received 
during in acquisition mode or in a tracking mode; 
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when the encoded signal is being received during the 
' acquisition luuUt?: 

initializing the accumulator to a mid point value of 
twOf wherein the accumulator hac a range of zero to 
four; 

when the accumulator overflows or underflows r 
adjusting the determined sampling phase by a sampling 
phase delta value of two; 

when the encoded signal is being received during the 
tracking mode: 

initializing the accumulato-r to a mid point value of 
sixteen, wherein the accumulator has a range of zero 
to thirty-two; 

when the accumulator overflows or underflows, 
adjusting thp determined sampling phase by a sampling 
phase delta value of one. 

10, (original) Thft iriRthod of claim 1, wherein the 
determining the sampling phase further comprises: 

determining A;^nipling time of the sampling phase based on 
time of the at least one reference crossing less one-half 
of symbol time of the system symbol rate^ wherein the 
5;ymhol time includes a plurality of oversampling times, 
wherein the plurality of oversampling times corresponds to 
a plurality of sampling phases that Includes the determined 
sampling phase • 
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11. (previously preseiiLeU) A dtatA recovery module 
comprises: 

processing module; and 

memory operably coupled to the processing module, wherein 
the memory includes cjperaLlonal instructions that cause the 
processing module to: 

xeceive an encoded signal at a transmit symbol rate, 
wherein the encoded signal includes first data values 
having a positive sign with respect to a reference and 
second data values having a negative sign with rocpoct 
to the reference; 

determine at least one reference, crossing o£ the 
encoded signal; 

determine a sampling phase based on tho at l^^ast opr 
reference crossing and a system symbol rate to produce 
a determined sampling phase; 

for a current reference crossing of the at least one 
reference crossing^ determining a corresponding 
current sampling phase 7 

comparing the determined sampling phase to the 
corresponding, current sampling phase; 
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when the comparison of the deteriiiined sampling phase 
to the corresponUing current sampling phase is 
unfavorable, adjusting an accumulator; 

updating Lh^ deLermined sampling phase based on a 
value of the accumulator; and 

sample Lhts encoded signal at the updated determined 
sampling phase with respect to the system symbol rate 
to recapture data from the encoded signal. 

12. (original) The data recovery module of claim 11 , 
wherein the memory further comprises operational 
instructions that cause the pxroccseing module to receive 
the encoded signal by: 

receiving a DC offset encoded signal; 
determining a DC offset; and 

substantially removing the DC offset from the DC encoded 
signal to produce the encoded signal. 

13. (original) The data recovery module of claim 11, 
wherein the memory further comprises operational 
inetructions that cause the pror«ft«Hng module to: 

determine the system symbol rate as one of a plurality of 
system symbol rates based on the encoded data. 

14. (previously presented) The data recovery module of 
claim 11, wherein the memory further comprises operational 
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instructions that cause the processing module to determine. 
Lli^ sampling phase by: 

setting an initial sampling phase with respect to the 
BybLem symbol rate; 

setting the accumulator to a mid point value; and 

utilizing the initial sampling phase as the determined 
sample phase when the encoded signal is initially detected, 

15, (previously presented) The data recovery module of 
claim 11 r wherein the memory further comprises operational 
ihstructionc that causd the processing moHnlA tr> \3pdatG the 
determined sampling phase by: 

determining whether the accumulator ha.^ overflowed or 
under flowed; and 

when the accumulator h>jc; overflowed or underflowed, 
adjusting the determined sampling phase, 

16. (original) The 6At,f^ recovery module of claim 15, 
wherein the memory further comprises operational 
instructions that cause the processing module to: 

determine the comparison of the determined sampling phase 
to the corresponding current sampling phase to be 
unfavorable when the corresponding current- sampling phase 
is greater than the determined sampling phase; 
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increment the accumulator when the corresponding current 
sampling phase is greater than the dctcrmincdl oampling 
phase; 

when the accumulator has overflowed/ incrcaoc the 
determined sampling phase by a sampling phase delta value; 
and 

reset the accumulator to a mid-point value, 

17. (original) The data recovery module o£ claim 15, 
wherein the memory further comprises operational 
instructions that cause the processing module to: 

determine the comparison of the determined sampling phase 
to the corresponding current sampling phase to be 
unfavorable when the corresponding current s^jmpling phase 
is less than the determined sampling phase; 

decrement thp anciimulator when the corresponding current 
sampling phase is less than the determined sampling phase; 

when t.hf^. accumulator has underflowed, decrease the 
determined sampling phase by a sampling phase delta value; 
and 

reset the accumulator to a mid-point value. 

18. (original) The data recovery module of claim 15, 
wherein the memory further comprises operational 
instructions that cause the processing module to: 
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determine whether the encoded signal is being received 
dujuiiiy in acquisition mode oa,-: in a tracking mode/ 

when the encoded signal is being received during the 
acquisiLioii niudc: 

initialize the accumulator to a mid point value of 
twOf wherein the accumulator has a range of zero to 
four; 

when the accumulator overflows or underflows, adjust 
the determined sampling phase by a sampling phase 
delta value of two; 

when the encoded signal is being received during the 
tracking mode: 

initialize the accumulator to a mid point value of 
sixteen, wherein the accumulator has a range of zero 
to thirty-two; 

when the accumulator overflows or underflows, adjust 
the determined sampling ph-^^.^e by a sampling phase 
delta value of one. 

19. (original) The data rp.r.oveiry module Of claim 11/ 
wherein the memory further comprises operational 
instructions that cause the processing module to determine 
the sampling phase by: , 

determining sampling time of the sampling phase based on 
time of the at least one reference crossing less one-half 
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of symbol time of the system symbol rate, wherein the 
symbol time includea a plurality of overeampling times, 
wherein the plurality of oversampling times corresponds to 
a plurality of sampling phases that includes the determined 
scuiipling phase. 

20. (currently amended} A radio receiver comprises: 

low noise amplifier operably coupled to amplify a radio 
frequency (RF) signal to produce an amplified RF signal; 

frequency step-down section operably coupled to step-down 
frequency of the amplified RF signal to provide an 
intermediate frequency signal; 

bandpass filter operably coupled to pass frequency 
componento of the intermediate frequAnr.y signal in a 
bandpass range and to substantially attenuate frequency 
components of the intermediate frequency signal outside of 
the bandpass jrang^ to produce filtered signal; 

analog to digital converter operably coupled to convert the 
filtered signal into a digital signal; 

digital intermediate frequency demodulator operably coupled 
to demodulate the digital signal to produce a demodulated 
signal; and 

data and timing recovery module operably coupled to 
recapture data from the demodulated signals wherein the 
data and timing recovery module includes: 
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DC offset estimation module to generate gonoratco a DC 
offset from the demoaulated signal; 

subtraction module operably coupled to subtract the DC 
offset from Lhe deiuodulciLeU ddLd Lu ^jxcjduct; ciii encoded 
signal; and 

tiittiiiy xeuovexy xuudule opexably coupled Lo 5>qtiupl<- the 
encoded signal at a determined sampling phase with 
respect to a system symbol rate to produce the 
xecaptured data, wherein the timing recovery module 
determines the determined sampling phased based on at 
least one reference crossing of the encoded signal 
determining a current sampling phase based on a 
current reference crossing of the encoded signal, 
comparing the determined sampling phase to the current 
sampling phase, when the comparioon of the determined 
sampling phase to the corresponding current sampling 
phase is unfavorable, adjusting an accumulator, and 
updatcG the determined sampling phase based on a value 
of the accumulator. 

21. (original) The radio receiver of claim 20, wherein th(=» 
timing recovery module further comprises: 

proccoaing module; and 

memory operably coupled to the processing module, wherein 
thQ memory includes operi^tn r>na 1 instructions that cause the 
processing module to: 
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determine the system symbol rate as one of a plurality of 
system oyitibol rates based on the encoded data. 

22. (previously presented) The radio receiver of claim 21, 
wherein th© mcinory further comprises operational 
instructions that cause the processing module to determine 
the sampling phase by: 

setting an initial sampling phase- with respect to the 
system symbol rater- 
setting the accumulator to a mid point value; and 

utilising the initial sampling phi^ft^. /^s the determined 
sample phase when the encoded signal is initially detected. 

23- (previously prASp.nted) The radio receiver of claim 21, 
wherein the memory further comprises operational 
instructions that cause the processing module to update the 
determ-inftd sampling phase by: 

determining whether the accumulator has overflowed or 
underflowed; and 

when the accumulator has overflowed or undertlowed, 
adjusting the determined sampling phase. 

24. (original) The radio receiver o£ claim 23, wherein the 
memory further comprises operational instructions that 
cause the processing module to: 
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determine the comparison of the determined sampling phase 
to the corresponding curreiiL ^^guupling phase to be 
unfavorable when the corresponding current sampling phase 
is greater than the determined sampling phase; 

increment the accumulator when the corresponding current 
sampling phase is greater than the determined sampling 
phase ; 

when the accumulator has overflowed, increase the 
determined sampling phase by a oampling phase dolta value; 
and " 

reset Lhe accumulator to a mid-point value. 

25. (previously presented) The radio receiver of claim 23, 
wherein the memory further comprises operation?*! 
instructions that cause the processing module to: 

aetermine the comparison of th« determined sampling phase 

to the corresponding current sampling phase to be 

unfavorable when the ' corresponding current sampling phase 
is leas than the determined samplinrj phase; 

decrement the accumulator when the corresponding current 
sampling phaco is less than the rtfttftrniined sampling phase; 

when the accumulator has underflowed, decrease the 
determined sampling phase by a sampling phase delta value; 
and 

reset the accumulator to a mid-point value. 
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2C- (previously presented) The radio receiver of claim 23, 
wherein the memory further comprises operational 
instructions that cause the processing module to: 

determine whether the encoded signal is being received 
during in acquisition mode or in a tracking mode; 

when the encoded signal is being received during the 
acquisition mode: 

initialize the accumulator to a mid point value of 
twor wherein the accumulator has a range of zero to 
four; 

when the accumulator overflows or underflows^ adjust 
the determined sampling phase by a sampling phas© 
delta value of two; 

when the encoded signal "is bA-ing rftr.fiived during the 
tracking mode : 

■initi;3lize the accumulator to a mid point value of 
sixteen^ wherein the accumulator has a range of zero 
to thirty-two; 

when the accumulator overflows or underflows, adjust 
the determined sampling phase by a sampling phase 
delta value of one, 

27. (previously presented) The radio receiver ot claim 2i, 
wherein the memory further comprises operational 
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instructions that cause the processing module to determine 
the sampling phase by: 

determining sampling time of the sampling phase based on 
time ot tJrie at least one reference croyylny less one-half 
of symbol time of the system symbol rate, wherein the 
symbol time includes a plurality of oversampling times, 
wherein the plurality of oversampliug times corj:e^ponds to 
a plurality of sampling phases that includes the determined 
sampling phase. 



PA6E18l2rRCVDAT8f(l2006 2:36:56 PM [Eastern Da^^^ 



